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Higgs status

Phys. Lett. B 716 (2012) 1-29 Phys. Lett. B 716 (2012) 30

[T ID' L CMS (s=7TeV,L=5.1f"{s=8TeV,L=531b"
| @ Data ATLAS LI B B s s B

__ - Background zz"
- - Background Z+jets, tt

r D Signal (mH=125 GeV)
U Y systunc.

15[ Vs =7 TeV:JLdt= 4.8 fb™

e Mass known at 0.2% level; [ Vs=8TeV:[Ldt=5.81b"

10

« Higgs boson discovered in 2012.
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» Observation of all the main production processes;
* Observation of decays to bosons and third-generation fermions;
« Improvement of m precision and CP measurements;
» Off-shell production measurements.
* Now shift focus from discovery era to precision era
» Precision unfolded differential measurements;

» Combined measurements — Simplified Template Cross-Section (STXS) framework.
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https://www.sciencedirect.com/science/article/pii/S0370269312008581?via=ihub#fg0030
https://www.sciencedirect.com/science/article/pii/S037026931200857X?via=ihub

STXS framework

Framework for subdividing Higgs Boson measurements into orthogonal regions - S7TXS
bins [defined using generator level information]|

. ggF
* (0 X B) measurement for each bin

tH
STXS bins chosen such that they: -
 are defined by Higgs production modes;

e reduce theory uncertainties

* isolate regions potentially sensitive to BSM;
VBF+VHhad

STXS stage 1.2 Higgs boson signal split according to

 production modes, -

* number of jets

H, V.
* prirrs
« invariant mass of the leading jets m... ttH
| g J g VHlep —
» Advantage: easy to combined different analyses.
jCELL |
»qq > ZH




STXS framework

* Framework for subdividing Higgs Boson measurements into orthogonal regions - STXS

bins [defined using generator level information]|

* (0 X B) measurement for each bin

« STXS bins chosen such that they:

 are defined by Higgs production modes;

e reduce theory uncertainties

* isolate regions potentially sensitive to BSM;

STXS stage 1.2 Higgs boson signal split according to

» production modes,

* number of jets

S

« invariant mass of the leading jets m

« Advantage: easy to combined different analyses.|
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Outline

In this talk I am focusing on results released in the past one year:
« H — yy analysis (CMS)
« H— Z7 — 4¢ analysis + off-shell production (CMS);
 H — 77 analysis (ATLAS);
« H — bb analysis (ATLAS);
« H — pp analysis (ATLAS, CMS);
« H — Zy analysis (ATLAS, CMS);

« Combined Higgs boson measurements (ATLAS).




H — Yy ana]ysis JHEP 2017 (2021) 027
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ATLAS analysis: link
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https://link.springer.com/article/10.1007/JHEP07(2021)027
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

H — 77 — 4¢ and off-shell Higgs production

* Events with same flavor, opposite sign lepton pairs form the Higgs candidate
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 On-shell analysis combined with off-shell H-ZZ—2/2v
= first evidence of off-shell Higgs production (3.6 o)

» Comparison of on-shell and off-shell rates yields constrain on

* Clear signature — targets all the production modes except for 1H;

Higgs width I';; = 3.2 f%;;‘ MeV <—Most precise [ ;; measurement

ATLAS analysis: link
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https://cds.cern.ch/record/2784590/files/HIG-21-013-pas.pdf
http://dx.doi.org/10.1140/epjc/s10052-021-09200-x
http://dx.doi.org/10.1140/epjc/s10052-021-09200-x
https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9

H — 7t analysis

 Analysis targets all production modes

- Events classification: 7,,7,7,,7,,7,7

e Binned maximum-likelihood fittom__.
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 STXS measurement in 9 STXS bins:

* Good agreement with

« goF with 200 GeV < pITq <300 GeV and pITLI
>300 GeV have best precision (O(40%)).

CMS analysis: link
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-044/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/index.html

VH . H — b[_Q combination ATLAS-CONF-2021-051

« H — bb dominant decay, triggered by leptonic decays of vector boson

« VH(bb) final states studied by two analyses and significant overlap (~25%) between the two

analyses  pogolved analysis

Eur. Phys. J. C 81 (2021) 178 Phys. Lett. B 816 (2021) 13204
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://www.sciencedirect.com/science/article/pii/S0370269321001441
https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2

H — uu analysis

 Analysis targets all the production modes;

small branching ratio (~2.2x1 0_4)

Large irreducible bkg from Z—uu

Simultaneous binned-likelihood fit

o CMS results:
u=1.19 fg:j(l)(stat)fgzig(syst)

Final state with two muons — good signal resolution but
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https://link.springer.com/article/10.1007/JHEP01(2021)148
https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-014/index.html
https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub

Combined Hi

Input analyses
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CMS analisis: link H


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html

Combined Higgs boson measurements:

STXS results

Fit parameters for the STXS measurement:

Decay mode

By
(6XB)g=(0XB), 7z | =
T T \Pz

Production mode bin

37 cross-sections measured simultaneously:

» Excellent agreement with SM prediction

CMS analysis: link
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

Conclusions

» Using Run 2 dataset, XS measurements in many channels;
» Results are in good agreement with SM expectations

« Combination of individual Higgs boson production and decay measurements

« Almost all the analyses use full Run-2 dataset

« Easy combination of the analyses thanks to the STXS framework;

« Combination provides unprecedented precision

- Analysis with full Run 2 dataset
considered in the combination

Analysis with partial Run 2 dataset
considered in the combination

Analysis with full Run 2 dataset not
yet considered in the combination

e Stay tuned, more precise results are coming!
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Additional material




o Full list of analysis

» ATLAS: ATLAS-CONF-2021-053
» CMS: CMS-PAS-HIG-19-005
*H-—yy
» ATLAS: ATLAS-CONF-2002-026
« CMS: JHEP 2017 (2021) 027
e H—> 77 — 4¢
* ATLAS: Eur. Phys. J. C 80 (2020) 957
* CMS (on-shell): Eur. Phys. J. C 81 (2021) 488
* CMS (oft-shell): CMS-PAS-HIG-21-013
*H- 1t
» ATLAS: ATLAS-CONF-2021-044
* CMS: CMS-PAS-HIG-19-010
« H— bb
* ATLAS (resolved): Eur. Phys. J. C 81 (2021) 178
* ATLAS (boosted): Phys. Lett. B 816 (2021) 13204
* ATLAS (combination): ATLAS-CONF-2021-051
* H— uu:
» ATLAS: JHEP 01 (2021) 148
* CMS: Phys. Lett. B 812 (2021) 135980
 H— Zy
« ATLAS: Phys. Lett. B 809 (2020) 135754
» CMS: CMS-PAG-HIG-19-014
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Minimal merging scheme
CMS p— 137 b (13 TeV)

( ) powms o« Maximal merging scheme: STXS bins merged
4o @ e +1o (stat @ syst; . . .
FE ou, m o) until their expected unc 1s < 150%;

~ SM prediction -

0z
05092

{ P LT THTERT a—if“ s » Minimal merging scheme: STXS bins merged
H- vy ly <25 _l_m o | : T _I_o 22 . o1 |
STXS stage 1.2: minimal ’ : —_ .

ensuring that parameters do not become too anti-

m, = 125.38 GeV, p, & 700% =
| : lated (<90%
- : correlate 0
s 25F | [ =10
n 2 I | 48
o 15F | R | Lo \ E
o 1 R | L epes Lol | i ..._l_l...._.l_ o D WIDW WE"! St 4
= 3 I I I L r 3
g " Lt L]0 1 | =5
oF N L 40
T T T T TR T T Io,"§ § § £ £ £r 5 g % v 2o 2 E. 2 8 § § (8-, T ° °
AR E SRR R R AR R Maximal merging scheme
3 i > E i 3 E .: A E: < g:_c:; T & A ;. T T »
TSNy ElgTeyg By vI CMS 137 fb” (13 TeV)
8383885588 ¢9cs2e stz eS8
®°s s HE 9 9y g 3 T Iz - . o Observed
»w O g T = = X *
o o & ‘;'5 '5.% W § E % I +io (stat® syst)
5% \- > % g Fo.42 - =
o ° - oL 148 W tio (syst) ]
10 ﬁ ﬁ 36 0.08 5953 = SM prediction =
2.6'0% i 0,497 1612 =
L &3 e 1 12198 qe 1O
L e L 07TSE
. 1 Hoyy, Iy, <25 0620z —f— H \ =
ggH and qu STXS blnS STXS stage 1.2: maximal [ =
1ot L m=125.38 GeV, p, = 31%
are merged together

25

1.5

0.5

o b O o=

Ratio to SM

Wﬁﬂwﬂﬂl\ﬁﬂrﬂ LR L
]
]
1
]
1
I
J_
I
[}

o
tH 1 I;I]IIIIIII|IIIIIIIIII _|_|_|,|,|

H
T
H
T
H
T
H
T

P
H
A

ggH 1J low p.
ggH VBF-like
ggH BSM
qqH VBF-like
qqH VH-like
qqH BSM
WH lep
ZH lep

ttH

ggH 0J low
ggH 0J high p?T*

ggH 1J med p;'

ggH 1J high p;'

ggH=>2J low p
ggH>2J med p.
ggH >2J high p,

G. Di Gregorio - BF 2021 18


https://link.springer.com/article/10.1007/JHEP07(2021)027

H — vy analys1s ( ATL AS) ATLAS-CONF-2020-026

T | T T T | T T T | T T T | T T T
ATLAS Prellmlnary Fed Total Stat. = Syst. | SM
. 1
=13 TeV, 139 fo’
 Events with at least 2 photons s ’ -
H_)YY! mH =125.09 GeV pSM - 60 % Total Stat. Syst.
1
. . GuoH 0 <pr 10 = 076 5z (£026, 5rg)
0.20 013
» MVA techniques to categorize the events and ‘m 17 02 o s 010
discriminate signal from bkgs = 081 uy (£040 o1
g g ° gg4H1J60<p:<120 |—E—| 1.18 jf00.3379 (+0.37, +(?01§)
| ! )
- I . . . . _ {sgoH120<p <200 I—DT| 070 +0.52 (£050, ‘wia
8 3000 ¢ Data ATLAS Prellmlnaryr | gg-H2200<m, <350, 0<pt <60 f——pmE——H 0.47 28 (1116 1055
= Vs=13TeV, 139 b 3
- E o - ’ = y +0.57  +0.13
% 2500 Background m,, = 125.09 GeV = gg—H>200<m,; <350,60<pf <120  |—fma—] 0.28 £059 (‘oot, ip)
[e)} F — H = < - <pHe +0.48 +0.17,
2 o000E- Signal + Background All categories E 99-H 220 <m,, <350, 120 <p! < 200 —o—1 060 lo47 (£0.45, 5i,)
= E In(1+S/B) weighted sum 3 [ gg-H>20m, >850,0 <p!! < 200 —=— 205 ”OO‘;Q (*(?:;3, *3297)
G 1500 _ : = 2091 (087+ -0.
e E S = Inclusive | soomzmept<am 163 Too.;o (f(?.saes‘ Tg.[;ga)
= = 3 = ! ! 1
@a 1000: ,,,,,,,,, | ao-Hs00<p <50 —= D& T(;);sg (foof;y _*(?3;‘)
500 5 [ i o G S
E S | 1.6 (1160 -0
. E——t ! ! ! ! o |aaHoasw p—o—— 155 H123 (+115 <044
o E = 108 (-1.027 038
é 100; 3 |aaoHaa2200 <m_ <60 120 <m <350 35 ¥ (+1-70 *0-71)
~ 50F =3 v e 16 472 (ye20 057
é 0: 3 |aa-Haq=2060<m <120 I_E_'ll 0.76 +008935 (+00:01 +(?2245)
I _BOE ) ) . . . _E qq-Haq 22/ 350 <m, <700,0 <p!' <200 === 079 _+00:6753 (f(;).':sz, -+00.':;328)
o 110 120 130 140 150 16 | coagim, 700,02t <20 | 1035 4028 4021
< IEI 1.09 531 (0260 -0.17)
= Myy [GeV] 046  +0.41 +0.20
qa-Hag 22J m > 350, p >200 1.35 Al i , s
T T oy Lo o
ATLAS Preliminary qg-Hiv 0 <pY < 150 241 To.'70 (067, ng)
Vs=13TeV, 139 fo’ FedTotal Stat. [ Syst. |SM 0 116 +1.14  +0.19
qq-Hiv pY > 150 —— 2.64
Hoyy, m = 125.09 GeV ' 64 099 (0970 -0.17)
H Total  Stat. Syst. . 108 1099 (1086 4026,
I i 1.08 587 (L0850 020
ggF + bbH ] 1.02£0.41 (£0.08,% 7)) HIlpY > 150 +1.11 +1.10  +0.16
) t 010 593 (091 -0.19)
0.83  +0.80 +0.21
VBF Fe—t 134+ 32 (£018,+ 01 0 <pt <0 076 75 (‘es: 0.17)
1 H 60 < p < 120 |_-_| +0.54  +0.53 +0.10,
WH —— 233+ 2% (+ 0% 4 013, StI'OIlg COI‘I’Clathn ! hr [ 0.72 o46 (046 -0.08)
YT 050 17049 o010 H +0.63 ,+0.61 +0.17,
ItH120<pT<200 |—E—|I 1.06 0.54 (70.52’ 70.14)
ZH —e— 064+ 38 (x oot .k 00) bet ween \W H al’ld ZH ttH gt > 200 |—u||—| 0.96 *004563 (fgfsz‘ -+t?.'1102)
+328 4313 +0.97
ttH + tH HeH 092+ 027 (+ 02 4 009 (0(40%)) b I e — I 085 541 (221> -098)
| / 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
v b b b b v v v b by 4 ) 0 2 4 6 8

240 4 2 3 4 5 o
SGH/GaM Uppel‘ hmlt on tH "/l
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

H— 7/ — 4] (CMS) Eur. Phys. J. C 81 (2021) 488

* Events with same flavor, opposite sign lepton pairs form the Higgs candidate
* Clear signature — targets all the production modes except for 1H;

« Combined results from ZZ decays channels: 4e, 4u, 2e2u,
» Events categorized according to # jets, # b-tagged jets and # additional leptons —22 event
categories S L 187 o (13 Tev)
o 250— —
. . . 0] - ¢ Data J
* Dominant irreducible background: ZZ* ~ L mH) .
. - g 20 ! W g9-2Z2,2¢ ]
e Unbinned likelihood fit e — ] ]
0.07 0.06 N 150~ B Z+X ]
i =0.94 £ 0.07 (stat) * ' (theo) ™ 2(exp) : ]
_ ¢cms 137 fb~' (13 TeV) ool B
o) F L -
= + Observed (stat@syst) H-2ZzZ - 4
£ L SM prediction my=125.38 GeV C 1
’SQ\ E *611':38 STXS merged Stage 1.2 - |yn| <2.5 50— ]
8 L L. *214: C t
okt T g [ e T 43: B 0= 80 100 120 140 160
t | g 171 | . 2 e m,, (GeV)
‘ \L [ L7 L e 7T | » STXS measurements in 19 STXS bins.
« Statistically limited channel — coarse
=3 .
‘g?_"*++1+%+ bins
T T T . . e s s s = e s s == e Results consistent with the SM
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http://dx.doi.org/10.1140/epjc/s10052-021-09200-x

H — 727 — 4] (ATLAS)

Clean signature - fully reconstructed final states - and high S/B

Eur. Phys. J. C 80 (2020) 957

« Events with same flavor, opposite sign lepton (£=e,u) pairs form the Higgs candidate
) . . > 1 20 _l T | 1T T 7T | T T T | T 1T T T | T T T I T T |_
» MVA technique to define analysis categories & [ ATLAS $ Data -
iy o H N ZZ* N 4| ggF+be .ZZ* T
. . | Vs=13TeV, 139 1b™ VBF tXX, VVV N
 Likelihood fit g 100" Vi Bzejets.f ]
G>J - % BitH+H 7% Uncertainty
u=1.01 £ 0.08(stat)=0.04(exp)=%0.05(theo) m gol [ ]
L ) i
ATLAS i ] 60l % ]
H—- ZZ* — 4] zz5| _E_._ b - 7 |
Vs=13TeV, 139 fb ox [ 1 T - 7 ]
Reduced Stage 1.1 - |yH| <25 i T2 T TE T8 40 P _
—#— Observed: Stat+Sys SM Prediction Mo u % n
[m] Observed: Stat-Only o-B[fb] (GB)SM [fo] - % |
gg2H-0]-p-Low | 2 F 170455  176+25 | 20 B % /, N
gg2H0j-p*-High | - 630+ 110 550440 | i 4 -
gg2H-1-p-Low [ =3 50 + 80 172425 |
a02H-1-pMed | |3 170£50 119418 | 0
oo - e A4 110 120 130 140 150 160
gg2H-2j S 0+75  q27+27
ag2H-p/High | L - 3 382! 15+4 | m,, [GeV]
qq2Hag-VH | bom 21+ 35 13.870¢ N
qq2Haq-VBF | - 150 *% 1076724 7]
qq2Hqa-BSM | » : 05777 4204018 |
VH-Lep | L m 20 +28 164+04 |
w | S — 3 25°2% 15419
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https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9

ATLAS-CONEF- 2021 -014

‘ 1 7 ‘ 1 7 I I l I c
H é é e V U A A S E 108 ATLAS Prellmlnary +Data %Uncertamty 4
o s=13TeV, 139 fo’! B, WA, E
. H — WW* - evuv Wother H It E
o E

L

VBF-enriched N> 2 SR Bw Wz

Analysis targets VBF and ggF production modes wsia Woter v

Final state with 2 charged leptons with different flavor and
opposite charge.

Control regions (CRs) to extract normalization of the dominant
bkgs (WW, tt/Wt, Z/y*)

« Profiled likelihood fit to data: 3
_ 10.09 +0.10, o +0.12 °
Heor = 1.20 £ 0.05 (stat)y jo(exp systs)”ys(sig theo) 1(bkg theo) |
1 . 017, 0.10 5
pygr = 0.99 1015 (stat) 1007 (exp systs)'0 17 (sig theo)H ro(bkg theo) :
. . g % 0~?|5] oz 0.59;0‘59: 0757[0'7 5 0.33]/0"93: asgj[a"’g: 0.93][0‘9@ 7
—> measurements dominated by systematic sources DNN output

. . AfLAé Prelliminlary . T°‘a?l' ‘
e STXS measurements in 11 STXS bins (5 = 13 TeV, 139 et

H W* — evuv I SM Prediction
. . . . . Total (Stat. Syst.) SM Unc.
» Most of the STXS bins statistically-limited ..o $E ;0 e (52 )

, £0.06

.
1014

5, 0,
5) 1 =010

3) 1 =008

(

ggH-1, p! < 60 GeV 085 0% (
. . . . 99H-1j,60<p” < 120 GeV 073 3% i £0.16
» Results compatible with SM prediction — .oooime 4o ¢ | om
9gH-2], p* <200 GeV R —— 153 07 I xo21
ggH, P> 200 Gev P 217 0% ( %) 1 zo28
EW qqH-2j, 350 < m, <700 GeV, p* <200 GeV | || -0.20 3% ( : +0.13
EW qgH-2], 700 < m, < 1000 GeV, p/' < 200 GeV. = 050 0% ( £0.11

(

(

(

EW qqH-2/, 1000 < m, < 1500 GeV, p’' < 200 GeV 1.07 3%
EW qgH-2j, m, > 1500 GeV, p* <200 GeV 096 ‘0%
EW qqH-2j, m, =350 GeV, p'* = 200 GeV 113 00

-1 0 1 2 3 4 5 6 7 8

| £0.09
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/

H — 11 analysis (CMS) CMS-PAS-HIG-19-010

CMS Preliminary 137" (13 TeV)

 Analysis targets primarily ggF and VBF +0bs.  [Jrebkg. Mz ceuultt + ets

[ ]t mis-iD[fOthers = Unc.  [JJH—t (1 =0.85)

 Events classification: 7,7, et),, yt,, eu.

o2}

o

(=]
T

- \ ]
- Obs. - bkg. | ]

—Ho1t

>
©
« MVA techniques to reconstruct 7, and reject fakes. ‘é .
* Main bkgs (Z—7r, 7 mis-ID) estimated with data-driven techniques. %3005 """
« Binned maximum likelihood fit to extract the results: = a0
@ 100
Hgor = 0.98¥015(theo)0.09(stat)£0.12(syst)+0.06(bbb) |
%0‘ - I1(;O 15‘30 I I2(‘)0‘ - I2é0‘ =
Hyqr = 06710 02(theo) o | (stat) ) 0e(syst)=0.08(bbb) m.. (GeV)
' ' ' _ CMS Preliminary 137 fo” (13 TeV)
% 10* aog0:3 3060:;2 . (?bserv?ad | éik; (st:at.?b—g—dﬂo fUne;:ertain;ty in SM pred?ction_
» STXS measurements in 11 STXS bins. wE o

» Results consistent with the SM predictions. =}
* Good sensitivity to Higgs produced with 0y

il

0
high = 3
3
18 pT D,
2 1
L3 ] OO
* Results dominated by stat. uncertainty g 5 2 i,
-3 Lo Lo L4 £ L A

38 % =@ T 8 & = § & © § 2 =

s g S = § 5 & g ? =

:t z = B 3 B 8 5§ i § 3

° 8 £ : ° 3 T § § °

o g o :é_—
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/index.html

H — uu analysis (CMS)

Analysis targets all the production modes;

Final state with two muons — good signal resolution but
small branching ratio (~2.2x10™%)

Large irreducible bkg from Z—uu

Simultaneous binned-likelihood fit

u=1.19 fg:j(l)(stat)fgj%g(syst) [

— Observed (expected) significance 3 (2.5) o - Evidence!

@
o
o

~
o
o

2]
o
o

300F

B) Weighted Events / GeV

JHEP 01 (2021) 148

137 b (13 TeV)

CMS ¢ Data ]
= All categories — S+B (u=1.19) 1
E S/(S+B) weighted ... Bkg. component ]
m,, = 125.38 GeV [ ERE ]
- [+20 ]

115 120 125 130

135 140 145 150

L I I B my, (GeV)

Combined i = 1.1970;%
—— Combined best fit p = |
- === SM expectation

I 68% CL
[ 95%cL

m,, = 125.38 GeV

— Upper limits on BR of 1.9XSM @ 95% CL | cws
VBF-cat. 7 =136
ggH-cat. : b= 063705
ttH-cat. _ u:z.szf:;
VH-cat. _ n=548>10
_4 _'2' 0
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https://link.springer.com/article/10.1007/JHEP01(2021)148

H — U analys1s (ATLAS) Phys. Lett. B 812 (2021) 135980

8 00E~ " ATLAS 4 Data E
 Analysis targets all the production modes; N 6005— Vs=13TeV, 139 fo" e o
2 500f% H — pu, In(1 + S/B) weighted — Bfg apdﬂ =
* Final state with two muons — good signal 2 L00E 3
resolution but small branching ratio (~2.2x10™%) 3 5, 3
< — -
K= C -
« Large irreducible bkg from Z— upu s 200 E
100 . =
o Simultaneous binned-likelihood fit to m,, - = =
X
om
pu=1.2 % 0.6(stat) ") =(syst) g
[m)]
— Observed (expected) significance 2.06 (1.706) 110 116 120 125 130 135 140 145 150 155 160
4 m,, [GeV]
— Upper limits on BR of 4.7x10~ L s B B
ATLAS Vs=13TeV, 1390’ H - uu
e Total Stat. [ Syst. | SM Total Stat. Syst.
VH and ttH categories ——+—=— 50 £35 ( £33, £1.1)
ggF O-jet categories —@— -04 £16 ( £1.5, £0.3)
ggF 1-jet categories e 24 £12 ( £1.2, £0.3)
ggF 2-jet categories @ -06 £12 (1.2, £0.3)
VBF categories | | 1.8 +1.0 ( £1.0, £0.2)
Combined |-|§-| 12 £0.6 ( £06, +02)
| 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 |
—10 -5 0 5 10 15 20

Signal strength
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https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub

H — Z}/ analysis (ATLAS) Phys. Lett. B 809 (2020) 135754

> T I L L ]
. i : . o - ATLAS 7
Analysis targets all the production modes; S gor =13 7oV 139 - E
o = -3 « B All categories ]
BR(H — Z}/) 1.54 %10 E;, 7018 In(1+Sge/Bgg) Weighted sum 7|
 Final state with one photons and two same g B -
flavor opposite charge leptons (£ = e,u) ~ 601 g
* MVA techniques to categorise the events 501 -
- —e— Data ]
o Simultaneous likelihood fit to all My, 40 — Sig+Bkg Fit -
- - BK

distributions A T DI
g) 4;_I T T T | T T T T | T T 17T | T T 17T l T T T l T T T I |

u=2.0=x09 (stat)fg'gl(syst) @ 2F ++ L
e = ot IRAAERE RN t_
Observed Slgnlﬁcance Of2.26 N _43_1 1 1 1 l 11 1 1 | 1 1 1 I 11 1 1 l 11 1 1 l |1 1 l_E

o 115 120 125 130 135 140 _ 145

— upper limits on (¢ X B) 0f 3.6 x SM m,, [GeV]
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https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub

H —> Z}/ analysis (CMS) CMS-PAG-HIG-19-014

CMS Prellm/nary 137 fb" (13 TeV)

T LN Y I L B LB

) . - H—>Zy m, = 125. 38 GeV ¢ Data
 Analysis targets all the production modes; 7000 = Al categories — S+B (n=24)
3 so00 - S/(S+B) weighted Eli":mpone”t

« BR(H — Zy)=1.54 x 10 i

Final state with one photons and two same flavor
opposite charge leptons (¢ = e,;) and m,.,,> 50
GeV + 2000

IIIIIIIIIIIIII]IIIIlII

I|IIII|IlII|IIII|IIII|IIII|IIII|IIII|I

IIIIIIIIIIII

Binned-maximum likelihood fit to all m,,

P IR

0||||||||||||||||||||||||||
T T T 7T T T [ T T T

distribution

E 20k T 'Bcomponent subtracted

— +0 8 +0.3 A 100F 3

p=24=x7 5 (stat)" 5(syst) E
O T

Observed (expected) significance of 2.7 (1.2) o ~100E H 3

B ST T B F T N VT B - N T N} 0

— upper limits on (¢ X B) of 4.1 x SM @95% CL M, (GeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-014/index.html

H — cc analysis ( ATL AS) ATLAS-CONF-2021-021

3 [ThTiAS Preiminary’ e paa | ]

o 4000~ 5 13 Tev, 139 1o B VHS 8) (u=-9) |

= - 0+1+2 leptons I VZ(— cc) (u=1.16) -

* BR(H = cc)=3% S [ ts2ctags, AlISR VW(> cq) (1=0.83)
& L X B-only uncertainty _|

. . b5 3000 — SIVT vﬁ(—> f:%) i 2g .

» Search in VH production mode [ % ]
. : & 2000/ ‘+‘ -
 Categorization depending on the decay of the vector boson ¢ | n ]
» Events with at least one c-jet + b-veto * 10001 + ]
: C . - + j

« Final discriminant m,.. 0} -

» Simultaneous binned-likelihood fit to signal strength of VH(cc), “g5—555t" "1 ""ec "T85~ 205
VZ(cc) and VW(cq) M [GeV]

_ +12 g *1° . . L A e e o e e e e B L
HvEee) = -9 £ 10(stat)” 1 (syst) — compatibility with SM: 83% | ATLAS Pre“r'mnary e
o \s=13 TeV, 139 fb" ;'Efgected
» Observed VH(cc) limit of 26 x SM — best limit on VH(cc) yet! |™H>< — Observed
0 lepton
« Diboson cross-check measurements: =5 i ‘ a
1 lepton
» VZ(cc) significance of 2.60 SR H ‘ o
L. 2 lepton
* VW(cq) significance of 3.8¢ et I _______________________________________
Combination
— First measurement of VZ(cc) and VW(cq) using c-tagging! 53| ‘ - .

1 Il Il 1 IE 1 1 1 Il | 1 1 1 | 1 Il 1
0 20 40 60 80 100
95% C.L. limitonn
VH(cT)
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